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Abstrakt 
Diplomová práca zaoberá sa analýzou vnútorného prostredia budovy , posúdením jej  
tepelne-technických vlastností a spotrebou energie.Pomocou simulácie budovy boli 
navrhnuté riešenia, ktoré povedú nielen ku sníženiu spotreby energie ale prispejú aj 
k zvýšeniu komfortu študentov a učiteľov. 
  
Klíčová slova 
energetická bilancia, vnútorné prostredie budovy ,spotreba energie, úspory  
  
  
  
Abstract 
Diploma thesis deals with analysis of internal microclima of the building , evaluation of its 
thermal and technical properties and it also deals with its energy comsumption. With using 
simuation programm, there was designed solutions which will lead not only to lowering of 
energy consumption but also to improvemnt of  komfort for students and tachers. 
  
Keywords 
energy balance, renewable sources of energy ,energy consumption, savings  
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INTRODUCTION 
In my diploma thesis I focused on energy assesment of Primary school Svážna in Brno –
Nový Lískovec. The aim was to analyze  internal miroclima of the building and  its energy 
consumption. Using Danish simulation programm BSim, different variants were designed 
in order to decrease consumption of energy and improve properties of the building and 
comfort of the students and teachers. There are designed five versions from which one is 
experimental.  
First version consists of insulating of envelope constructions of the building. In second 
one, constructions are insulated as well but there were design solar collectors to cover part 
of the energy necessary for heating  and of object and for hot water peparation. In the third 
version, where constructions are insulated ,there is a heat pump designed to cover part of 
the consumption of energy for heating. Heat pump and solar collectors are designed in 
fourth version. Fitfh version consits only from chosen part of the school – six classrooms 
and the using BSim there was simulated forced ventiation with heat recovery. 
Experimental part of thesis deals with thermgraphic evaluation of chosen construction of 
the building. In December 2011 in Primary school , there was done thermographic 
measurement with infracamera FLIR-E. 
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A1.ANALYSIS OF GIVEN THEMA 
A1.1 General information about  subject of thesis – Primary School 
Svážná 
Subject of  diploma thesis is Energy evaluation of school for education. The building is 
Primary School located in Svážná Street in Brno – Žabovřesky. School was build in year 
1989 and it has eight pavilions although my thesis deals only with building C. Part of the 
school is used for university. In the areal ,there is also audiovisual pavilion and pavilion 
with canteene. 
School is build in the middle of residental area in Brno and it is well connected with by 
public transport with rest of the city.  
 
A1.2 Norms, legislative and technical documentation 
To evaluate energy management of the building and to design soluction to improve 
properties of the building was used following documentation 
 Directive 2010/31/EU of The European Parliament and Council of  The Energy 
Performance of Buildings 
 ČSN 73 0540 
 ČSN EN 15316 
 Notice 361/2007 coll. 
 Goverment regulation no.410/2005 
 Technical report 
 
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A2. ACTUAL TECHNICAL SOLUTIONS 
Nowadys, there is tendency to build or reconstruct building to provide the best possible 
thermal technical properties and lower energy consumption. Using non-renewable sources 
of energy is slowly replaced by using renewable sources as a solar, wind power, 
geothermal energy, etc. People are trying to build greener and more energeticaly effcient 
buildings.  From constructing of passive houses through low-energy houses society is 
slowly moving into building active houses. 
A2.1 Active house  
Active House is a vision of buildings that create healthier and more comfortable lives for 
their occupants without negative impact on the climate  
Active Houses can be new-build or renovation. They can be homes, offices or public 
buildings.  Active House proposes a target framework for how to design and renovate such 
buildings that contribute positively to human health and well-being by focusing on the 
indoor and outdoor environment and the use of renewable energy. 
  
A2.1.1 Energy in active house 
An Active House is energy efficient and all energy needed is supplied by renewable energy 
sources integrated in the building or from the nearby collective energy system and 
electricity grid. The initial price of active house can be higher that a price of conventional 
house , it is beacuse in active house there are used more energy efficient solutions and 
constructions and also they are used green technologies. 
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A2.1.2 Indor climate in active house 
Since people spend most of their time indoors it is necessary to design building in a way 
they will provide healthier internal microclima.In spite of this less than 30% of  the 
buildings contribute to healthy indoor microclimate. 
In an active house inteligent control systems operate all the important systems as heating, 
ventilation, light systems, windows, etc. This provides flexible adjustement for an optimal 
indoor climate.  
A2.1.3 Environment in active house 
An active House interacts positively with the environment by means of an optimised 
relationship with the local context, focused use of resources, and on its overall 
environmental impact throughout its life cycle. 
The design of an active house takes into considerations a life cycle, local traditions and 
local construction materials. The building is designed in a way to fit into the surrounding in 
the best possiblew way respecting climatic and local conditions. The design of house is 
focused on minimasing of waste from the constructions and maintenance. 
 
A2.2 Practical cases of active houses in Europe 
A2.2.1 Isobo Aktiv - A House for the Future. 
This active house completed in September 2011 is situated in Sandnes ,Norway. Floor 
space of the house is 178 m2. Energy consumption of the building is 7919 kWh. Solar 
collectors and heat pump cover 95% of space heating and 90% of hor water demand. The 
house has 8 solar cell panels and it has a ground collector as well. For ventilation there is 
used most efficient unit with heat recovery. External sunscreening on selected windows 
with individual, active control. Active control system for opening and closing of selected 
windows for ventilation. 
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Picture A2- 1 : Isobo active house in Norway 
 
 
A2.2.2 The first active house in Russia 
This active house is build in Moscow and was completed in September 2011. It was 
designed to set a new standard for residental house construction in Russia. The 
construction is made of timber. Primary energy in the house is energy  from the sun. The 
features contributing towards a positive energy balance include a highly effective heat 
pump, thermal solar collectors for production of hot water and a PV solar cell system to 
generate electricity. The oriendation and design of the house provide more active 
utilisation of daylight. Windows are placed strategically to allow solar heat gains and 
natural ventilation therefore the energy requirement for basic lighting is minimised by 
effective use of daylight. VELUX solar thermal collectors designed for installation in 
combination with roof windows exploit the heat of the sun while providing a visually 
appealing and technically optimal solution. They  can generally provide up to 65% of the 
energy required to produce domestic hot water.  
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Picture A 2-2 : The first active house in Russia 
 
 
A2.2.3 Solar prism 
This active house is constructed in  Albertslund, Denmark and was completed in January 
2010. It is a renovated zero-carbon townhouse.  
Main energy source for space heating and for covering of hot water demand are sollar 
colectors. To supply the space heating there was installed heat pump. Solar photovoltaic 
collectors convert the energy of sun into electricity,substituting main grids supply for 
regular electricity consumption. Ventilation is provided by Heat Recovery Ventilation by 
EcoVent, system 0 for ventilating the housing and hot air based heating. The system 
permits a continuous air exchange, while recycling the heating via an inbuilt heat 
exchanger. This way, around 90% of the space heating is recycled while ventilating.  Solar 
prism technology combines all technologies „in a box“ and provides aesthetically plesant 
addition to the roof of the building. Thanks to the solar prism there is a source of sunlight 
through roof windos. 
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Picture A2- 3 : Solar prism technology 
 
 
 
 
                                              Picture A2- 4 : The first active house in Denmark 
 
 
 
 
 
 
 
 
 
 
 
Energy evaluation of building for education                                       Bc. Katarína Košútová 
 
 
18 
 
A3.  SOLUTION  USING COMPUTER MODELLING 
Heat losses of the building were calculated in a program Protech. Comuputational part – 
evaluation of energy consumprion of the building in current and new situation, graphs and 
tables were done in danish simulation program BSim. 
A3.1 Description of the program 
BSim is integrated computer program for analysing buildings and installations. It was 
developped in Danish reasearch building institute in Aalborg University.  
BSim includes a collection of advanced tools for simulating and calculating e.g. thermal 
indoor climate, energy consumption, daylight conditions,  calculation of natural or forced 
ventilation . 
A3.1  Modelling approaches 
All the calculations in BSim are performed in steady state conditions for each times steps. 
Building which is about to be modelled in BSim can be divided into arbitrary number of 
zones. Each zone can inclued arbitrary number of rooms. The are in the zone is considered 
as fully mixed. 
External environment in the program is not calculated. It is take from given weather data. 
From given weather data i tis possible to calculate the solar indice on an arbitrary oriented 
surface.Thanks to XSun there is detailed analysis of the direct solar path throught 
construction. 
For every building it is possible to evaluate heat balace of the zone air and it includes : heat 
flow through constructions, solar radiation through windoors, thermal contributions from 
various heat loads and systems, air penetration from outdoor air, air supplied from 
ventilation systems and air transferred by from other zone. 
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In a case of heat transmission through constructions ,constructions is considered as 
homogenous. If the construction is too thick iti s divided  into more thin layers (control 
volumes). Calculation of heat transmission is not stationary, therefore it makes allowance 
for each individual layer´s thermal capacity. 
 
A3.2 Modelling assumptions 
In BSim, building is drawn either by exporting the drawing from AutoCAD or by using 
simple geometric shapes. In a case of more difficult consturcution it is necessary to split 
construction into nodes and then to draw desired construction. 
For simulation it is necessary to define composition of each construction  and its 
coefficient of thermal resistence and it is also necessary to define all the systems used in 
the building. 
Simulation of building can be done for entire year of just for selected period od time (e.g. 
week or month). Output from the program is energy balance of the building and 
corresponding graph. Except of heat balace BSim also offers eveluation of indoor clima, 
air balance, moisture balance, ventilation components. 
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Picture A2- 5 : Example of building simulated in BSim 
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B1. DESCRIPTION OF CURRENT SITUATION OF 
BULIDING 
B1.1 Basic information about the building 
Pavilion C has three floors – one basement and two upper floors which contain classrooms, 
cabinets, corridor, staircase on boths sides and hygienic facilities. Building is connected 
with pavilion B (headquarter of schol) and building F (audiovisual part). 
Pavilion C is used from 7 p.m until 3 pm every working day. During weekends and 
summer holidays this pavilion is closed. There is a 390 people in this pavilion. There was 
no major reconstruction of the building, all the constructions are in their original 
conditions. 
 
B1.2 Situation layout of the building 
 
Picture B 1-1: Situation layout of the building 
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Picture B 1-2: Situation layout of the building 
 
 
B1.4 Orientation of the building regarding to point of compass 
 
North facade of building is oriented towards to atrium 
South facade of building is oriented towards playgrounds and green spaces 
East this side provide connection with pavilion d 
West 
west side of pavilion is connected with pavilion B where is office of headmaster of 
school  
Table B 1: Orientation of building regarding to point of compass 
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B1.4  Description of construction in the building 
B1.4.1 Foundations 
Foundations of the building C are made of prefabricated monolithic concrete. They are designed 
as foundation strips and foundation pads. 
B1.4.2 Wall constructions 
Peripheral load bearing construction is made of reinforced concrete skeleton MSOB. Columns 
are anchored into foundation pads. Peripheral walls are made of ceramic elements of tihckness 
260 mm . Walls under the ground made of masonry with reinforced concerte wrath and of brick 
block CD 290/240/113 or CD 36. 
Partition walls are made of double hole bricks, in a case of wet operation they partitions are 
made of full bricks.Thickness of partitions is 150 mm.  There are also stiffening partitions 
between classrooms and they are made of reinforced conrete. Thickness of these partitions is 
150mm. 
B1.4.2 Staircase 
Staircase is made of reinforced concrete. 
B1.4.3 Openings 
In the building C there are wooden windows with double glass. All internal doors are wooden as 
well. 
B1.4.4 Roof 
Two layer flat roof is done according to technological prescription of  PSB.  
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B1.5 Description of building services in the building 
B1.5.1 Energy management 
School is not connected to natural gass distribution. Heating of building and hot water 
distribution is realized by heat exchanger Alfa Laval. Hot water is distributed to heat exchanger 
from heat plant. Electricity is distributed from Energie AC Bohemia . Electric energy in 
building C is mainly used for lighthing. 
B1.5.2 Source of heat 
Heat is prepared in block boiler room and to school is distributed by hot water pipeline to 
discharge station which is placed in pavilion D. 
In block boiler room in Kamenný Vrch , there are installed boilers for natural gass with a power 
of 13,2 MW. Installed power of congeneration unit is 887 kW of thermal energy and 736 kW of 
electric energy. 
B1.5.3 Discharge station 
Discharge station is situated in building D and it contains two plate exchanger. Type of plate 
heater is Alfa Laval. Each of them covers  50 % of conneced value. 
Hot water is distributed in exchangers separately for hot water distribution and separately for 
heating. System for heating is divided into branches for heating and for aircondition (which is 
currently out of order). Branch of heating is divided into North and South branch and they are 
also divided into smaller separated units. Circulation of heating water is done by circulation 
pumps 80 NTV which are placed in next room. 
B1.5.5Regulation 
There is a regulation of heating system depending of external temperature. Branches of heating 
are regulated by system Komextherm . 
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Picture B 1-3: Plate exchaner for system of hot 
water and regulation unit Komextherm 
 
Picture B 1-4 : Regulation unit 
 
 
B1.5.6 Heating system and radiators 
Heating system was designed as hot water heating system with forced ciruclation. Circulation of 
heating water is done by circulation pump with electornic regulation of speed. Heating system is 
divided into branches North and South. 
Circle for heating is connected directly from heat exchangers, which are arranged in series.  
 Flow of water is provided through regulation and closing tap. 
In a case of peak hours, regulation of increased flow of heating water into the second heater is 
done by three way armature MIX with regulation Kometherm Stabil. Pipeline for water 
distribution, armatures are insulated by mineral felt. 
Heating is operated in temperatures  90 /70 °C. 
There are used cast iron radiators „KALOR“ 500/1100 and 500/160. Each radiator has valve 
V 4232 –straight.Each branch line from riser isclosed by closing valve 3040. 
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1.5.7 Lighting 
Lighting is designed as a  normal light, there are no special requirements for atypical lighting in 
interior. For lighting in classroom  are used wall interior  saving  bulbs and interior ceiling 
saving lights.   
 
B2. ENERGY EVALUATION OF CURRENT SITUATION 
B2.1 Energy balance 
Energy balance in following section is estimated for entire building, therefore it is not possible 
to obtain measured data only for pavilion C. 
The table of energy outputs and inputs and the table of energy consumption are included to give 
basic knowledge about energy management in entire school. 
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B2.1.1 Energy outputs and inputs 
In the following subchapter there are tables showing energy outputs and inputs of pavilion C 
evaluated for average climatic year according to the decree 425/2004 coll. 
List of basic data of energy imputs and outputs 
Evaluated for average climatic year 
Fuel and energy 
imputs Unit Amount 
Calorific 
value  GJ/ 
unit 
Conversion 
to GJ 
Annual 
costs in 
CZK 
Purchasing of el. power MWh 162 3,6 583,2 640715 
Purchasing of heat GJ 3105   3105 2018107 
Natural gas thous./m3 
- - - - 
Brown coal t 
- - - - 
Black coal t 
- - - - 
Burnt coal t 
- - - - 
Other solid fuels t 
- - - - 
Heavy heat oil t 
- - - - 
Light heat oil t 
- - - - 
Oil t 
- - - - 
Other gases thous./m3 
- - - - 
Secondary energy GJ 
- - - - 
Renewable energy GJ (MWh) - - - - 
Other fuels GJ 
- - - - 
Total imputs of fuels and energies 2658822 
Changes in fuel stocks - 
Total energy consumption 2658822 
Unit price of heat for estimation of year expenses [Czk/GJ] 650 
Unit price of electricity for estimation of year expenses [Czk/GJ] 110 
Table B 2: : List of basic dat for energy ouputs and inputs 
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B2.2  Composition of construction and their thermal properties 
In the following table there are shown boundary conditions used for calculation of coefficient of 
thermal transmittance in building. Coefficient of thermal transmittance of building was 
calculated in computing program Protech. 
 
Locality: BRNO 
Designed outside temperature Te   -15 °C 
Designed inside temperature Tai 20 °C 
Designed relative moisture of outside air RHe   84 % 
Designed relative moisture of inside air RHi 60 % 
Thermal resistivity R 
of the heat transfer interior   0,13 m2K/W 
  
  exterior   0,04 m2K/W 
of calculation of 
condensation surface temperature Rsi 0,25 m2K/W 
    surface temperature Rse 0,04 m2K/W 
Table B 3: Table of boundary conditions 
 
 
For comparison of calculated values of thermal transmittance of construction was used folloving 
table of required and recommended values of thermal transmittance of construction for building 
with prevailing designed interior temperature ti= 20°C . 
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Description of constructions 
Require
d values 
Recom. 
values 
Recom. 
values for 
passive 
buildings 
UN,20 Urec,20 Upas,20 
[W/m2K] 
[W/m2K
] [W/m2K] 
Outer wall Light 
0,30   
0,25   
0,18 - 0,12 
  Heavy 0,20   
 Single pitch roof with slope 45° including 0,30   0,20   0,18 - 0,12 
Flat roof. Single pitch roof with slope 45° including 0,24   0,16   0,15 -0,10 
Floor above outside area 0,24   0,16   0,15 -0,10 
Floor under the non-heated attic (roof without thermal insulation) 0,30   0,20   0,15 -0,10 
Wall to the non-heated attic (roof without thermal insulation) 0,30   0,25   0,18 - 0,12 
  
     
0,20   
Floor and wall from heated area in a touch 
with soil   0,45   0,30   0,22 - 0,15 
Floor and inner wallf from heated area to 
unheated area   0,60   0,40   0,30 - 0,20 
Floor and inner wall from heated area to tempered space 0,75   0,50   0,38 - 0,25 
Floor and outer wall from tempered space to exterior 0,75   0,50   0,38 - 0,25 
Floor and wall from temepred area in a touch with soil 0,85   0,60   0,45 - 0,30 
Wall to the neighbouring buildings                                                                 
Floor with temperature difference up to 10° C including 1,05   0,70   0,50 
Floor in areas wih temperature differcene up to 10°C 1,05   0,70     
Wall with temperature difference up to 10° C  1,30   0,90     
 Interior floor with temperature difference up to 5° C  2,20   1,45     
Interior wall with temperature difference up to 5°C  2,70   1,80     
Filling of opening in outer wall and sloped roof from heated area to exterior 
,except the doors 
1,50   1,20   0,80 - 0,6 
Oblique filling of opening in a slope of 45°,from heated area to exterior 1,40   1,10   0,90 
Door filling from heated area to exterior (including frame) 1,70   1,20   0,90 
Filling of opening from heated area to tempered area 3,50   2,30   1,70 
Filling of opening from  tempered area to exterior 3,50   2,30   1,70 
Oblique filling of opening in a slope of 45°,from tempered area to exterior 
2,60   1,70   1,40 
Table B 4: : Table of required coefficients of thermal transmittance 
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In the following tables there are composition of structures of building and their coefficient of 
thermal transmittance. 
 
 
 
Table B 5: : Composition of peripheral wall                               
 
 
 
Table B 6: : Composition of floor with pvc                               
         
 
 
 
 
 
No. Name D[m] λ [W/mK] 
1 Lime  cement plaster 0,01 0,99
2 Reinforced concrete 0,055 1,58
3 Foam polystyren 0,05 0,051
4 Ceramic block 0,14 0,55
5 Brizolit 0,01 1,16
Ureq = 0,30 W/m²K 
Construction does not satisfy norm requirement
Thermal insulation properties of building are
 insufficient
Peripheral wall 
U ≥ Ureq
Coefficient of thermal transmittance of construction                         
U = 0,69 W/m2K
No. Name D[m] λ  [W/mK] 
1  PVC  planks 0,005 0,16
2 Plain concrete 0,055 1,05
3 PU foam 0,05 0,05
4 Plain concrete 0,1 1,05
5 Bitagit 0,004 0,21
Ureq = 0,45 W/m²K 
Thermal insulation properties of building are
 insufficient
Floor on the ground, PVC flooring
Coefficient of thermal transmittance of construction                     
2U
 
=  0,732 W/m²K
U ≥ Ureq
Construction does not satisfy norm requirement
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Table B 7: : Composition of floor with pvc         
 
 
                       
             
 Table B 8 : Composition of roof 
      
 
 
  
 
 
Window 
Simple wooden window with one glass and additional glass 
Coefficient of thermal transmittance of construction                    
U = 2,60 W/m2K 
U
 
=  2,20W/m²K Ureq = 1,50 W/m²K  
U ≥ Ureq 
Construction does not satisfy norm requirement 
Thermal insulation properties of building are insufficient 
Table B 9:Window 
 
      
No. Name D[m] λ  [W/mK] 
1 Ceramic tiles 0,005 1,01
3 Plain concrete 0,055 1,05
4 Polyuretan foam 0,05 0,05
5 Plain concrete 0,1 1,05
6 Bitagit 0,004 0,21
U=  0,747 W/m²K
Thermal insulation properties of building are
 insufficient
Ureq = 0,45 W/m²K 
Construction does not satisfy norm requirement
Coefficient of thermal transmittance of construction                                    
2
Floor on the ground, flooring from ceramic tiles
U ≥ Ureq
No. Name D[m] λ  [W/mK] 
1 Lime plaster 0,01 0,99
2 Reinforced concrete 0,25 1,58
3 Mineral felt 0,1 0,079
4 Plain concrete 0,1 1,23
U
 
=  0,604 W/m²K
Thermal insulation properties of building are
 insufficient
Ureq = 0,24 W/m²K 
Construction does not satisfy norm requirement
Coefficient of thermal transmittance of construction                       
2
Roof
U ≥ Ureq
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Table B 10: Entrance door 
 
 
 
 
B2.3  Heat losses and heat gains of building C 
B2.3.1 Local and climatic conditions of Brno 
In following tables ,there are values of characteristical climatic condtions for which were used 
for calculation of heat losses. 
Longterm normal 
Locality     
  Brno Czech republic 
Average outside temperature in heating period tes 3,6°C 3,8°C   
Number of days in heating period d 
  222 242   
Number of daydegrees  D18= (18-tes)   3083 °D 3436°D   
        Table B 11 : Climatic conditions 
    
Key values of region 
Defined temperature for start of heating period 13 °C 
Characteristic outside temperature 
-12°C 
                                           Table B 12: : : Key values of region 
 
                                  
 
 
 
Uc =  2 W/m²K Ureq = 1,70 W/m²K 
Thermal insulation properties of building are
 insufficient
Construction does not satisfy norm requirement
U ≥ Ureq
Coefficient of thermal transmittance of construction                   
2
Metal entrance door with one glass
Entrance door
Energy evaluation of building for education                                       Bc. Katarína Košútová 
 
 
41 
 
B2.3.2 Heat losses and pavilion C 
Heat loss is amount of heat transmitted out from the heatde space to oustide space in given 
period of time by thermal transmission ,infiltration and by ventilation. 
Calculation of heat losses was done in programm Protech.  
 
 
 
Picture B 5 : : Division of pavilion C into the zones 
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Zone ti A
[°C] [m
Zone 1 20 1268,1
Zone 2 15 7 
Zon  3 20 204,3
Table B 13: Heat losses of the building
 
ti interior temperature
Ap area of floor 
φTm heat loss by transmission
φVm heat loss by ventilation
φRhm power to  ompensate effects of int
φHLm total designed heating power
 
                             
 
 
 
 
Graph B 1:Heat losses in zones                                                   
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p HTm HVm φTm φVm 
2] [W/K] [W/K] [W] [W] 
 1509 718 48277 22958 
1,8 35  41 9563 11898 
 334 102 10694 327 
68534 38135
 
 
 
 
 rmitted heating 
 
              Graph B 2: : Heat losses 
 
Zone 1
Zone 2
Zone 3
Heat losses
 
φRhm φHLm 
[W] [W] 
7732 78967 
4749 26210 
1104 15077 
 13585 
 
 
φTm
φVm
φRhm
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B2.4   Energy demand 
Data in following table are real data of consumption of energies for year 2010  for entire schol.. 
School does not  measure energy consumption separately for every pavilion ,therefore it is not 
possible to have data of real energy consumption in pavilion C. 
 
Year 2010 
Consumption of energies 
Heating Hot water Water 
GJ m3 m3 
January 690,2 75 587 
February 500 73 373 
March 311,8 76 233 
April  100,2 72 348 
May 38 71 297 
June 36 62 274 
July 0 0 0 
August 0 0 0 
September 26 85 412 
October 236 56 282 
November 318 71 473 
December 528 60 387 
Total  2789,2 713 3931 
                                                          Table B 14: Consumption of energies 
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Energy demand for heating calculated in simulation program BSim.
                                                                  
                               Graph B 3: Need of heat for heating
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Year 2010 
Need of heat for 
Heating Hot water 
kWh kWh 
January 36486,88 1004,83 
February 15136,84 1130,44 
March 8441,73 1004,83 
April  504,92 1067,63 
May 0 1193,24 
June 0 1256,04 
July 0 0,00 
August 0 0,00 
September 323,47 1256,04 
October 2589,26 1318,84 
November 11129,66 1256,04 
December 25354,15 1318,84 
 
99966,91 1758,46 
Table B 15 :Energy demand of the building 
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B3. INTERNAL MICROCLIMATE OF THE BUILDING 
Internal microclimate of the building is formed due to the heat and metabolic exchange. This 
exchange is done between components with different energetic potenetial. Primarily there isheat 
flow between the exterior and interior of the building, secondary there are changes between 
internal heat or metabolic sources. 
In a case of building C ,the internal microclima will be observed as well as content of carbone 
dioxide in the internal air. 
Estimations of CO2  was done as an expertimental measurement.. Temperatures in the 
classrooms are calculated in simulation program BSim. 
B3.1  CO2 content in classrooms[6] 
Measurement of content of carbon dioxide was done in following dates 19.2.2010 and 
22.10.2010 for evaluation of external microclimate in heating period and in 23.4.2010 for 
evaluation in non-heating period. 
As a measuring place, classroom in second floor was chosen. Volume of classroom is 231,4m3, 
there is six windows with glass area 16,875 m2 and two doors. 
For measuring was used multifunctional measuring equipment  TESTO 350/454. 
Measurement was done from 7:40 to 12:40 . The biggest influence on concentration of carbon 
dioxide in the classrooms has arriving of students to the class from 7:40 to 7:55. From 8:00 to 
8:55 the level of CO2 is still accetable. The limit of 1200 ppm is reached at 8:55. At this time 
there should be provided sufficient air change in order to decrease air change in the 
classroom.Concentration of CO2 does not decrease much because the air change is insufficient. 
When the students leave the classroom concentration of CO2 slowly decreases. 
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B3.2  Temperature and relative humidity in classrooms 
Type of room 
Temperature Velocity of 
airflow 
Relative 
humdity 
tg min tg opt tg max va rh 
[°C] [°C] [°C] [m/s] [%] 
Classrooms 
20 22 ± 2 28 0,1 - 0,2 30 - 65 Cabinets 
Rooms for long-
stay 
Gymnasium 18 20 ± 2 28 0,1 - 0,2 30 - 65 
Cloakroom 20 20 ± 2 28 0,1 - 0,2 30 - 65 
Showers 24 - - - - 
Toilets 18 - - 0,1 - 0,2 30 - 65 
Corridors 18 - - 0,1 - 0,2 30 - 65 
Table B 16: Table of recommened temepratures and realtive humidity in rooms 
 
 
 
The difference between resulting temperature in a level of head and ankles must not be bigger 
than 3°C . If temperature decreases under 18°C but not lower th16°C in three consecutive days 
or if temperature is lower than 16°C in one day, the school has to be closed. In a case of extreme 
external temperatures, when the maximal outside temperature is higher than 30°C or when the 
resulting temperature of globe temperature tg max  is higher than 31°C teaching has to be stopped 
and there has to be found other place than inside of the building for pupils and students with 
ensuring of drinking regime. 
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B3.1 Temperature in pavilion C in chosen month in heating period 
 
Graph B 4 : Temepratures in pavilion  C in February 
 
 
In the graph above is are shown internal temperatures in all three zones of the building. 
Temperature of the classrooms and hygienic zone during working days is mostly constant – 
20°C  from 8-15 when school is open . When school is closed heating regime is set up to 
maintain the temperature of those two zone in 18°C , which makes 2°C temperature drop during 
the night. In the third zone  which includes corridor and staircase the temperature moves from 
14°C to 15°C. 
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B3.2 Temperature in pavilion C  in chosen months in non-heating period 
  
   Graph B 5 : Temperatures in pavilion C in June 
 
In the graph above there is shown distribution of temepratures in all three zones in building 
during June.  It is clear the temperatures are way above the optimal temepratures in the 
classrooms. Temepratures in first zone (classrooms and cabintes) is from 26°C to almost 35°C , 
which make conditions for studying unsufficient. 
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B4. EVALUATION OF CURRENT SITUATION 
Building is in original state. There was made only sealing of  joints, reconstruction of damaged 
skylights and counterflow heat exchaneger was changed for plate heat exchanger . 
Thermo-insulation properties of building are insufficient according to norm ČSN 73 0540. 
Windows are wooden, they do not seal properly, in some places it is not possible to open them  
and i tis difficult to manipulate with some ot them. Most of the wooden frames are behind their 
lifetime.Moisture and mould occur in some parts of building C –mainly in the corners from the 
side of atrium.Heating reacts slowly, it has a bad regulation. There are some radiators with 
double regulation tap and some of them are damaged. Insulation of pipes for hot water is 
insufficient. There is a missing insulation near armatures or in the places close to the. Horizontal 
pipes along peripheral wall connected to heating elements are not insulated. 
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B5. DESIGN DISPOSALS FOR REDUCING OF ENERGY 
CONSUMPTION OF PAVILION C  
In order to achieve better thermal properties of building and to lower down consumption of 
energy needed for heating, reconstruction of the building has to made. All chilled constructions 
will be insulated in a way to fulfill requirements for coefficient of thermal transmittance of 
building according to norm CSN 730540.  
Design of disposal to reduce consumption of energy is divided into several version and each of 
them describes different way how to reduce energy consumption. The goal is to achieve almost 
zero energy consumption of the building. 
 
B5.1 Description of suggested versions 
No. of version Designed disposal 
Version I insulation of constructions 
Version II insulation of constructions and solar collectros 
Version III insulation of constructions and heat pump 
Version IV insulation of constructions,solar collectors and heat pump 
  
Version V 
insulation of constructions, solar collectros and forced ventilation with heat 
recovery 
Table B 17 : Table of designed disposals 
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B5.2 Insulation of constructions 
Primary school Svážna was built in year 1986 and according to standards which were valid at 
this time. All the constructions are in its orignial state, the building was not reconstructed.The 
coefficient of thermal transmittance of chilled constructions does not fulfill the conditions given 
by CSN 73 0540 ,therefore in order to improve properties of building .It is necessary to provide 
reconstrucion of these constructions in a way they all will fulfill the conditions given by norm. 
 
B5.2.1 Insulation of facade and side wall 
Thermal insulation properties of facade in current situation were insufficient, therefore     
insulation of facade will be done. There is used Baumit PRO-Contact system for insulating 
peripehral wall and also a side wall. Required value for coefficient of thermal transmittance      
U  is  0,38 W/m²K. Insulation wil be done in a way to fulfill those conditions given by norm. 
 
 
 
                        
                               Table B 18 : Composition of peripheral wall 
 
                  
 
No. Name D[m] λ [W/mK] 
1 Lime  cement plaster0,01 0,99
2 Reinforced concrete0,055 1,58
3 Foam polystyren 0,05 0,051
4 Ceramic block 0,14 0,55
5 Brizolit 0,01 1,16
6 Pro Contact 0,01 0,8
7 Polystyren EPS-F 0,16 0,039
8 Plaster 0,05 0,7
U = 0,188 W/m2K
Thermal insulation properties of building are
 sufficient
Peripheral wall 
Coefficient of thermal transmittance of construction                         
Ureq = 0,38 W/m²K 
Uc ≥ Ureq
Construction does  satisfy norm requirement
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In following table there is evaluation  of  insulated walls. Coefficient of thermal transmittance 
U after insulation fulfills condtions given by the norm. It is also clear from the table that there is 
significant difference between heat losses before and after insulation. 
 
construction 
U [W/m²K] Heat loss Q [W] saving 
current 
situation 
new 
situation 
current 
situation 
 ew 
situation 
W % 
wall 0,69 0,19 17311,50 3948,50 13363,00 77,19 
Table B 19: : Review of properties of peripheral wall before and after insulation 
 
 
B5.2.2 Insulation of  floor in a touch of soil 
Technical and thermal properties of floor in a touch with soil are not sufficient in current 
situation. Required value for thermal transmittance is 0,45 W/ m²K. Construction of floor 
covering  is not same in entire area of building, because building is divided into three zones. In 
the first and second zone (classrooms and corridors) ,there is PVC floor covering. In the third 
zone (toilets and washing rooms) , there is floor covering made of ceramic tiles. 
 
 
 
 
Table B 20: Composition of floor with ceramic tiles 
                           
               
 
 
No. Name D[m] λ  [W/mK] 
1
 PVC  planks 0,005 0,16
2 Plain concrete 0,055 1,05
3 Extruded polystyrene 0,12 0,05
4 Plain concrete 0,1 1,05
5 Bitagit 0,004 0,21
U = 0,284 W/m2K Ureq = 0,45W/m²K 
Thermal insulation properties of building are
 sufficient
Floor on the ground, PVC flooring
Coefficient of thermal transmittance of construction                         
Uc ≥ Ureq
Construction does satisfy norm requirement
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Table B 21: Composition of floor with ceramic tiles 
 
 
In following table there is evaluation  of  insulated floors. Coefficient of thermal transmittance 
U after insulation fulfills condtions given by the norm. It is also clear from the table that after 
insulation of floor in a touch with soil  losses through this construction are almost about 50% 
smaller than through construction in current situation. 
 
 
construction 
U [W/m²K] Heat loss Q [W] saving 
current 
situation 
new 
situation 
current 
situation 
new 
situation 
W % 
floor_pvc 0,73 0,28 349 ,50 1770,00 1729,50 49,42 
floor_ceramic tiles 0,75 0,29 
Table B 22: Review of properties of floors before and after reconstruction 
 
 
 
 
 
 
 
 
 
No. Name D[m] λ  [W/mK] 
1 Ceramic tiles 0,005 1,01
2 Plain concrete 0,055 1,05
3 Extruded polystyrene 0,12 0,05
4 Plain concrete 0,1 1,05
5 Bitagit 0,004 0,21
U = 0,286 W/m2K Ureq = 0,45W/m²K 
Thermal insulation properties of building are
 sufficient
Floor on the ground, ceramic tiles
Coefficient of thermal transmittance of construction                         
Uc ≥ Ureq
Construction does satisfy norm requirement
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B5.2.3 Insulation of roof 
Roof in current situation was made as double layer flat roof. In new situation, the air gap will be 
removed and there will be made insluation .New roof covering will be done. 
 
 
 
Table B 23: Composition of roof structure 
 
 
In following table there is evaluation  of  insulated roof. Coefficient of thermal transmittance 
U after insulation fulfills condtions given by the norm. Isulation of roof brings sifngificant 
differecne between heat losses through construction in new and in current situation. 
 
construction 
U [W/m²K] Heat loss Q [W] saving 
current 
situation 
new 
situation 
current 
situation 
new 
situation 
W % 
roof 0,60 0,22 14344,40 5232,20 9112,20 63,52 
Table B 24: Properties of roof before and after reconstruction 
 
  
 
No. Name D[m] λ  [W/mK] 
1 Lime plaster 0,01 0,99
2 Reinforced concrete 0,25 1,58
3 Styrodur 3035 0,16 0,038
4 Bitagit 0,004 0,21
Ureq = 0,24 W/m²K 
Thermal insulation properties of building are
 sufficient
U
 
=  0,220 W/m²K
Roof
Coefficient of thermal transmittance of construction                       
2
U ≥ Ureq
Construction does satisfy norm requirement
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B5.2.4 Replacing of openings 
Most part of windows are in poor conditions. They are damage, they leak and some of them it is 
not possible to open. 
Main part of heat losses is through openings. To decrease consumption of energy it is necessary 
to replace windows as well as entrance doors. Norm requires value of thermal transmittance U = 
1,5 W/m²K , but recommended value is U = 1,2 W/m²K. 
 
 
 
            
Table B 25: Window                                                                Table B 26: Entrance door 
 
 
             
 
In following table there is evaluation  of  replaced windows and doors. Coefficient of thermal 
transmittance U after replacing fulfills condtions given by the norm. It is also clear from the 
table that thanks to new windows losses through this construction are almost about 50% smaller 
than through construction in current situation. 
 
construction 
U [W/m²K] Heat loss Q [W] saving 
current 
situation 
new 
situation 
current 
situation 
new 
situation 
W % 
windows 2,20 1,00 19284,30 8666,70 
10617,
60 55,06 
doors 2,00 1,20 558,90 332,10 226,80 40,58 
Table B 27: Properties of openings before and after reconstruction 
 
 
Thermal insulation properties of building are
 sufficient
Construction does  satisfy norm requirement
Window
Plastic windows
Coefficient of thermal transmittance of construction                    
2U
 
=  1 W/m²K
Ureq = 1,50 W/m²K 
U ≥ Ureq
Construction does satisfy norm requirement
U ≥ Ureq
Entrance door
Metal entrance door with one glass
Coefficient of thermal transmittance of construction                   
2Uc =  1,2 W/m²K
Ureq = 1,70 W/m²K 
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Heat losses of building after reconstruction are 84 kW which makes 30% difference than in 
current situation. Due to the significant difference between heat losses before and after 
reconstruction ,the reconstruction of heating system is recommened. 
 
B5.3 Version I 
First version constists of insulation of all chilled constructions and of replacing remaining 
openings . 
B5.3.1 Insulation of constructions 
All chilled constructions of the building are insulated to provide better thermal and technical 
properties, opening are replaced. Coefficient of thermal transmittance U of all construction 
fullfils requirement of CSN 73 0540. 
 
Construction   U  [W/m2K] Ureq  [W/m2K] 
Peripeheral wall 0,188 0,38 
Side wall 0,261 0,38 
Floor on the ground_PVC 0,284 0,45 
Floor on the ground_tiles 0,286 0,45 
Roof 0,22 0,24 
Windows 1 1,5 
Doors 1,2 1,7 
Table B 28: Review of coefficient of thermal transmitance of contruction 
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B5.3.2 Energetic evaluation 
Need of heat for heating for version I was calculated in simulation program BSim. 
 
Year 2010 
Need of heat for 
Heating Hot water 
kWh kWh 
January 13596,53 1004,83 
February 4961,96 1130,44 
March 1508,16 1004,83 
April  0 1067,63 
May 0 1193,24 
June 0 1256,04 
July 0 0,00 
August 0 0,00 
September 0 1256,04 
October 0 1318,84 
November 1371,05 1256,04 
December 7809,26 1318,84 
 
29246,96 1758,46 
                                                                Table B 29:Need of heat for version I 
  
Total floor area of the building : 2307,6 m2 
Specific need of heat for heating : 12,7 kWh/m2/year 
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Graph B 6: Energy consumption 
 
                 Graph B 7 : Comparison of 
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From the graph above it is possible to see there is a significant difference between need of heat 
in a current situation of building and after the reconstruction. Need of heat after insulating of 
construction is more than 50% smaller than in original situation. 
 
B5.3.3 Economic evaluation 
Economic evaluation of version I consists of  calculation of total investment in to this version of 
reconstruction – which in this case is investment into insulation. It consitsts also from 
calculation of savings and payback period. In a case of more precise economic evaluation 
method from Decree no. 213/2001 Coll. by issuing details of requirements for energy audit have 
to be used. 
 
Disposal 
investment costs 
[m²] total 
Insulation 
perihperal 
wall 1,4 995,12 
roof 2 1541,00 
floor 2,50 1925,50 
openings 4,5 1138,95 
Total investment cost 5600,57 
                                                       Table B 30: Investments                                                        
 
 
Before reconstruction Need of heat [GJ] 359 
Costs [CzK] 146939 
After reconstruction Need of heat [GJ] 111,6 
Costs [CzK] 45551 
Savings % 76,33 
Czk/yr 101388 
Investment costs Czk/yr 5600570 
Payback period yrs 55,24 
                                             Table B 31: Economic evaluation 
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In first version, there will be saved 76,33 % of energy necessary for heating.Although simple 
payback period is 55m 24 year, insulatin of construction is one of the most sucessfull wasyhow 
to imrove not only thermal and technical properties of building but also the comfort of its 
inhabitants. 
 
B5.4 Version II 
Version II constists of insulation of all chilled constructions, replacing openings and installing 
solar collectors 
All chilled constructions of the building are insulated to provide better thermal and technical 
properties, opening are replaced. Coefficient of thermal transmittance U of all construction 
fullfils requirement of CSN 730540. 
 
B5.4.1 Insulation of constructions 
Construction   U  [W/m2K] Ureq  [W/m2K] 
Peripeheral wall 0,188 0,38 
Side wall 0,261 0,38 
Floor on the ground_PVC 0,284 0,45 
Floor on the ground_tiles 0,286 0,45 
Roof 0,22 0,24 
Windows 1 1,5 
Doors 1,2 1,7 
Table B 32: Review of coefficient of thermal transmitance of contruction 
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B5.4.2 Solar collectors 
In this version there was used 25 sollar collectors KPG-ALC by Regulus. 
 
Optical efficiency ho 0,759 - 
Coefficient of linear heat loss of collector a1 2,516 W/m2.K 
Quadratic coefficnet of heat loss of collector a2 0,011 W/m2.K2 
Number of collectors 25 pcs 
Area of aperture of collector  Ak1 2,393 m2 
Total area of aperture of collector 59,825 m2 
Table B 33: Specificetion of designed solar collectors 
 
 
 
 
 
Picture B 6 : Informative scheme of connection of solar collectors 
 
 
 
Solar collectors will be orientated to the south and  placed  in angle of 60° which maximizes 
heat gains in the winter.  Due to the low consumption of hot water in this pavilion of schol,  
solar collectros are primarily designed to cover up demant for heating. They fully cover energy 
necessary for heating in moths March and October . During other months when heating is 
necessary solar collectors cover just a part of demand of heat. In a months when there is no 
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heating they cover up demand of hot water. Due to low consumption of hot water , there are 
months when there is produced more energy from solar collectors than  i tis actually needed. 
Those surpluses (as well as surplusses during the summer holidays) will be used in the kitchen. 
School has a kitchen which produces about 1400 meal a day and it is also working during 
summer holidays. 
 
B5.4.3 Energy evaluation 
 
Table B 34: Energy balance of version II 
 
 
 
Total floor area of the building : 2307,6 m2  
Specific need of heat for heating : 15 kWh/m2 / year 
 
 
heating hot water
kWh kWh kW kWh % kW % kWh kWh kWh
January 13596,53 1004,83 495,22 495,22 3,64 13101,31 1005
February 4961,96 1130,44 915,92 915,92 18,46 4046,04 1130
March 1508,16 1004,83 1710,70 1508,16 100,00 203 12 1699
April 0 1067,63 2033,99 1067,63 100 966
May 0 1193,24 2575,30 1193,24 100 1382
June 0 1256,04 2821,50 1256,04 100 1565
July 0 2944,41 2944
August 0 2790,50 2790
September 0 1256,04 2323,52 1256,04 100 1067
October 0 1318,84 1412,38 1412
November 1371,05 1256,04 589,12 589,12 42,97 781,93 1256
December 7809,26 1318,84 327,18 327,18 4,19 7482,08 1319
29246,96 1758,46 12221,13 25411,36 6409 10716
SurplussesYear 
2010
Need of heat for
 Heat to be covered by 
other sources
Heating Hot water
Gains 
from 
collectors
Covering need of 
energy for 
heating
Covering need 
of energy for hot 
water
Energy evaluation of building for
 
 
 
Graph B 8: Energy consumption
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 of version II 
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From the graph difference between need of heat in current situation and need of heat in Version 
II is really big. In current sitiuation , heat demand is fully covered by heat supply while in 
version II part of the heat demand is covered by solar collectors. The heat not covered by 
colectors will be covered by central heat supply. 
B5.4. 4 Economic evaluation 
Economic evaluation of version II consists of  calculation of total investment in to this version 
of reconstruction – which in this case is investment into insulation  investment into solar system. 
Savings and simple payback period were calculated. In a case of more precise economic 
evaluation method from Decree no. 213/2001 Coll. by issuing details of requirements for energy 
audit. 
 
  
Amount Czk/units 
Specific 
Investment 
Expenditures 
Collectors 25 pcs 15 588 389 700 
Exp. Tank (1) 1 pcs 24 877 24 877 
Exp. Tank (2) 1 pcs 1 165 1 165 
Water Heater 1 pcs 19 908 19 908 
Total + 30 % assembly 435 650 
Table B 35: Investments into solar system 
 
 
 
Disposal 
investment costs 
[m²] total 
Insulation 
perihperal 
wall 1,4 995,12 
roof 2 1541,00 
floor 2,50 1925,50 
openings 4,5 1138,95 
Solar collectors   435650 
Total investment cost 6232570 
Table B 36 : Total investments 
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Before reconstruction Need of heat [GJ] 359 
Costs [CzK] 146939 
After reconstruction Need of heat [GJ] 108 
Costs [CzK] 44082 
Savings % 77,09 
Czk/yr 102857 
Investment costs Czk/yr 6232570 
Payback period yrs 60,59 
Table B 37: Economic evaluation 
 
B5.5 Version III 
In this version all chilled constructions were insulated  and heat pump was used for covering of 
part of energy for heating. 
All chilled constructions of the building are insulated to provide better thermal and technical 
properties, opening are replaced. Coefficient of thermal transmittance U of all construction 
fullfils requirement of CSN 730540. 
B5.5.1 Insulation of constructions 
Construction   U  [W/m2K] Ureq  [W/m2K] 
Peripeheral wall 0,188 0,38 
Side wall 0,261 0,38 
Floor on the ground_PVC 0,284 0,45 
Floor on the ground_tiles 0,286 0,45 
Roof 0,22 0,24 
Windows 1 1,5 
Doors 1,2 1,7 
Table B 38 : Coefficient of thermal transmittance of insulated constructions 
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B5.5.2 Design of heat  pump 
Heat pump should cover from 60-80% of heat losses in a case of  bivalent operation. In this 
version heat pump IVT  D70 ground/water, P=67,8 kW was designed . There will be done bore 
from in order to take the heat from  the ground. For covering of consumption of electric energy 
by heat pump photovoltaic collectors will be considered. 
In this case heat pump covers around 70% of demand of heat. The rest will be covered by 
central heat supply. Calculation of bore is just informative and comes from the assumption that 
for 1kW of power of heat pump i tis necessary 12 m of bore. Price for 1m is around 850-1000 
Czk/m. For designed heat pump it means there should be several bores with total depth 816 m. 
 
 
 
 
Picture B 7: Informtive scheme of heat pupm connection 
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B5.5.3 Energy evaluation 
Year 2010 
Need of heat for Energy 
from heat 
pump 
Covering need of energy for 
heating 
Heat to be covered 
from other sources 
Heating Hot water heating hot water 
kWh kWh kW kWh % kWh kWh 
january 13596,53 1004,83 8735,19 8735,19 64,25 4861 1004,83 
february 4961,96 1130,44 3702,28 3702,28 74,61 1260 1130,44 
march 1508,16 1004,83 1508,16 1508,16 100,00 0 1004,83 
april  0 1067,63 0,00 0   0 1067,63 
may 0 1193,24 0,00 0   0 1193,24 
june 0 1256,04 0,00 0   0 1256,04 
july 0   0,00 0   0   
august 0   0,00 0   0   
september 0 1256,04 0,00 0   0   
october 0 1318,84 0,00 0 0,00 0 1318,84 
november 1371,05 1256,04 1371,05 1371,05 100,00 0 1256,04 
december 7809,26 1318,84 6829,64 6829,64 87,46 980 1318,84 
29246,96 1758,46 22146,32 22146,32 75,72 7101 10550,74 
Table B 39: Energy balance of version III 
 
 
 
Total floor area of the building : 2307,6 m2 
Specific need of heat for heating : 3,1 kWh/ m2/year 
 
 
 
Graph B 10: Energy consumption of version III 
Energy evaluation of building for
 
 
 
Graph B 
 
From the graph it is visible 
supplied from central heat supply is very small. I tis because majority of need of heat for heating 
is covered by heat pump.
 
B5.5.4  Economic evaluation
Economic evaluation of version 
of reconstruction – which in this case is investment into insulation  a
case of more precise economic evaluation method from Decree no.
details of requirements for energy audit.
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Disposal 
investment costs 
[m²] total 
Insulation 
perihperal 
wall 1,4 995,12 
roof 2 1541,00 
floor 2,50 1925,50 
openings 4,5 1138,95 
Heat pump   1355600 
Total investment cost 6966970 
Table B 40: Investmens to disposal III 
 
 
 
Before reconstruction Need of heat [GJ] 359 
Costs [CzK] 146939 
After reconstruction Need of heat [GJ] 65 
Costs [CzK] 25918 
Savings % 86,53 
Czk/yr 121021 
Investment costs Czk/yr 6966970 
Payback period yrs 57,57 
Table B 41 : Economic evaluation 
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B5.6 Version IV 
All chilled constructions of the building are insulated to provide better thermal and technical 
properties, opening are replaced. Coefficient of thermal transmittance U of all construction 
fulfills requirement of CSN 730540. Solar collectors and heat pump were designed to cover 
majority of energy consumption. 
 
 
 
Picture B 8: Connection of solar colectors and heat pump 
  
B5.6.2 Insulation of construction 
Construction   U  [W/m2K] Ureq  [W/m2K] 
Peripeheral wall 0,188 0,38 
Side wall 0,261 0,38 
Floor on the ground_PVC 0,284 0,45 
Floor on the ground_tiles 0,286 0,45 
Roof 0,22 0,24 
Windows 1 1,5 
Doors 1,2 1,7 
Table B 42: Coefficient of thermal transmittance of construction 
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B5.6.2 Design of heat pump and solar collectors 
Solar collectors will be orientated to the south and  placed  in angle of 60° which maximizes 
heat gains in the winter.  Due to the low consumption of hot water in this pavilion of schol ,solar 
collectros are primarily designed to cover up demant for heating. They fully cover energy 
necessary for heating in moths March and October . During other months when heating is 
necessary solar collectors cover just a part of demand of heat. In a months when there is no 
heating they cover up demand of hot water. Due to low consumption of hot water , there are 
months when there is produced more energy from solar collectors than  i tis actually needed. 
Those surpluses (as well as surplusses during the summer holidays) will be used in the kitchen. 
School has a kitchen which produces about 1400 meal a day and it is also working during 
summer holidays. 
In this version 15 sollar collectors KPG-ALC by Regulus were used. 
 
Optical efficiency ho 0,759 - 
Coefficient of linear heat loss of collector a1 2,516 W/m2.K 
Quadratic coefficnet of heat loss of collector a2 0,011 W/m2.K2 
Number of collectors 15 pcs 
Area of aperture of collector  Ak1 2,393 m2 
Total area of aperture of collector 35,895 m2 
Table B 43: Specific parametres of solar collectors 
 
 
  
Amount Czk/units 
Specific 
Investment 
Expenditures 
Collectors 15 pcs 15 588 233 820 
Exp. Tank (1) 1 pcs 18 784 18 784 
Exp. Tank (2) 1 pcs 1 016 1 016 
Water Heater 1 pcs 19 908 19 908 
Total + 30 % assembly 273 528 
Table B 44: Investments into solar collectors 
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Heat pump should cover from 60-80% of heat losses in a case of  bivalent operation. In this 
version heat pump IVT  D70 ground/water ,P=67,8 kW was designed . There will be done bore 
from in order to take the heat from  the ground. Heat pump cover around 70% of energy 
necessaary for the heating of building. Remaining energy will be covered from solar collectors. 
Calculation of bore is just informative and comes from the assumption that for 1kW of power of 
heat pump i tis necessary 12 m of bore. Price for 1m is around 850-1000 Czk/m. For designed 
heat pump it means there should be several bores with total depth 816 m. 
 
B5.6.3 Energy evaluation 
Economic evaluation of version I consists of  calculation of total investment in to this version of 
reconstruction – which in this case is investment into insulation  and it consists also calculation 
of savings and payback period. In a case of more precise economic evaluation method from 
Decree no. 213/2001 Coll. by issuing details of requirements for energy audit. 
 
 
Graph B 12 : Energy consumption of version IV 
 
Energy evaluation of building for
 
 
 
                        Graph B 13 : Energy from heat pump and solar collectors
 
From the graph is visible that during the heating periond the mayority of need of heat is covered 
by heat pump. Solar collectors in this time have small heat
collectors are increasing. In a
used for hot water preparation . Gains from collectors in summer mothns are used in kitchen.
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 gain. From March gains from solar 
 cas of non-heating periomd, the gains from solar collectors are 
 
 
Gains from solar 
collectors [kWh]
Energy from heat 
pump [kWh]
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Graph shows the difference between current situation and designed version I. In the version IV 
almost all demand of heat is covered by heat pump and solar coll
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Year 2010 
Need of heat for Energy 
from 
heat 
pump 
Covering need of 
energy for heating 
Heating Hot water 
kWh kWh kW kWh % 
January 13596,53 1004,83 8735,19 8735,19 64 
February 4961,96 1130,44 3702,28 3702,28 75 
March 1508,16 1004,83 1508,16 1508,16 100 
April  0 1067,63 0 0   
May 0 1193,24 0 0   
June 0 1256,04 0 0   
July 0   0 0   
August 0   0 0   
September 0 1256,04 0 0   
October 0 1318,84 0 140,14 100 
November 1371,05 1256,04 1371,05 1371,05 100 
Decembe
r 7809,26 1318,84 6829,64 6829,64 87 
29246,96 11806,78 1758,46     
Table B 45:Energy balance I of version  IV 
 
 
Year 2010 
 Heat to be 
covered by solar 
panels 
Gains 
from 
collectors   
Covering of 
need for 
Energy to be 
covered from 
other sources Surplusses 
heati
ng hot water 
heatin
g 
hot 
water heating 
hot 
water 
kWh kWh kWh kWh kWh kWh kWh kWh 
January 4861 1004,83 371,41 371,41 0,00 4489,93 1004,83   
February 1260 1130,44 686,94 686,94 0,00 572,74 1130,44   
March 1004,83 1283,02 0,00 1283,02 0,00   
April    1067,63 1525,50   1067,63 0,00   457,86 
May   1193,24 1931,48   1193,24 0,00   738,24 
June   1256,04 2116,12   1256,04 0,00   860,08 
July   0,00 2208,31   0,00 0,00   2208,31 
August   0,00 2092,87   0,00 0,00   2092,87 
September   1256,04 1742,64   1256,04 0,00   486,60 
October   1312,05 1059,29   1059,29 0,00 252,77   
November 1256,04 441,84 0,00 441,84 0,00 814,20   
December 980 1318,84 245,39 245,39 0,00 734,23 1318,84   
      15704,80     5796,90 4242,89   
 
Table B 46:  Energy balance II of version IV 
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Total floor area of the building : 2307,6 m2 
Specific need of heat for heating : 2,5 kWh/ m2/year 
B5.6.4 Economic evaluation 
Economic evaluation of version IV consists of  calculation of total investment in to this version 
of reconstruction and it consists also calculation of savings and payback period. In a case of 
more precise economic evaluation method from Decree no. 213/2001 Coll. by issuing details of 
requirements for energy audit.  
 
Disposal 
investment costs 
[m²] total 
Insulation 
perihperal wall 1,4 995,12 
roof 2 1541,00 
floor 2,50 1925,50 
openings 4,5 1138,95 
Heat pump + bore   1366400 
Solar collectors   273528 
Total investment cost 7240498 
Table B 47: Investments into vesrion IV 
 
 
 
Before reconstruction Need of heat [GJ] 359 
Costs [CzK] 
After reconstruction Need of heat [GJ] 37,4 
Costs [CzK] 15265 
Savings % 92,07 
Czk/yr 131674 
Investment costs Czk/yr 7240498 
Payback period yrs 54,99 
Table B 48 : Economic evaluation 
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B5.7 Version V 
In version V there was used only six classrooms for calculation and we used idealization of 
constructions. All chilled constructions of the building are insulated to provide better thermal 
and technical properties, opening are replaced. Coefficient of thermal transmittance U of all 
construction fullfils requirement of CSN 730540.  Due to the program requirements all 
peripheral constructions were considered as chilled.In this case all constructions were insulated 
,solar collectors were used to cover demand of heat for heating and for hot water . Ventilation 
was considered as forced with heat recovery. 
B5.7.1 Insulation of constructions 
Construction   U  [W/m2K] Ureq  [W/m2K] 
Peripeheral wall 0,188 0,38 
Side wall 0,261 0,38 
Floor on the ground_PVC 0,284 0,45 
Floor on the ground_tiles 0,286 0,45 
Roof 0,22 0,24 
Windows 1 1,5 
Doors 1,2 1,7 
Table B 49: Coeficient of themal transmittance of  construction 
 
 
 
B5.7.2 Design of solar collectors 
Heat losses of chosen six classrooms of the building are 11,024 . 
There was designed 7 solar collectors KPG-ALC by Regulus were used. 
 
Optical efficiency ho 0,759 - 
Coefficient of linear heat loss of collector a1 2,516 W/m2.K 
Quadratic coefficnet of heat loss of collector a2 0,011 W/m2.K2 
Number of collectors 6 pcs 
Area of aperture of collector  Ak1 2,393 m2 
Total area of aperture of collector 16,751 m2 
Table B 50: Specific parameters of solar collectors 
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B5.7.2 Energy evaluation 
 
Table B 51:Energy balance 
 
 
Graph B 15 : Energy consumption of version IV 
Version V is an experimental solution ,there were simulated forced ventilation with heat 
recovery. 
Heating Hot water heating hot water heating hot water
kWh kWh kWh kWh kWh kWh kWh kWh
january 888,74 393,60 103 103 785,30 393,60
february 640,89 437,20 187 187 0,00 453,69 437,20
march 358,94 393,60 346 346 0,00 13,06 393,60
april 0 418,20 409 409,18 9,02
may 0 467,40 516 467,40 48,29
june 0 492,00 562 492,00 69,71
july 0 584 0,00 584,39
august 0 553 0,00 552,72
september 0 492,00 461 461,15 30,85
october 0 516,60 283 282,96 233,64
november 8,06 492,00 121 8 112,79 379,21
december 1117,05 516,60 69 69 0,00 516,60
3013,68 4619,20 1252,05 2393,72
Covering of need for Energy to be covered 
from other sources SurplussesYear 2010
Need of heat for Gains from 
collectors  
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5.9  Review of econonic evaluation  
Review of economic evaluation shows comparison of designed variant with the current 
situation. From the table is visible that in a case of saving energy there is not a significant 
difference between   Version I and Version II .In a case of version IV which contains 
combination of heat pump and solar collectors savings are the biggest. Due to the heat 
pump,investment costs are the highest as well, but it has the smallest payback period. 
 
  Current situation Version I Version II  Version III Version IV 
Need of heat [GJ] 358,89 111,6 108 65 37,4 
Price of heat [Czk] 146939 45551 44082 25918 15265 
Savings [GJ] - 247,29 250,89 293,89 321,49 
Savings [Czk] - 101388 102857 121021 131674 
Investments - 5600570 623570 6966970 7240498 
Payback period 
[yrs] - 55,24 60,59 57,57 54,9 
Table B 52: Economic evlauation of designed versions 
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6. OPTIMALIZATION OF SOLUTIONS 
When designing solution to reduce energy consumption in a building i tis necessary to find 
a solution which will be have the maximal effectivity with the minimal investment, thus it 
is necessary to design optimal solution. 
For the optimalization , version IV  with insulated constructions, heat pump and solar 
collector was chosen. 
 
6.1 Optimalization of thickness of insulation 
In a reconstruction of pavilion C it is necessary to properly insulate entire building in order 
to eliminate thermal bridges in construction as well as to reduce heat losses.  
According to the norm CSN 73 0540 coeficient of thermal transmittance of peripheral wall 
should 0,38 W/m2K. In this case minimal thickness of insulation for peripheral wall in 
building C is 80 mm and the maximal thickenss is 200 mm , then coefficient of thermal 
transmittance decrases very slowly. 
For the optimalization was chosen thickness construction insulated with 100 mm EPS. 
 
Thickness of 
insulation U 
[m] [W/m2K] 
0,08 0,28 
0,1 0,25 
0,16 0,19 
0,2 0,14 
                                                                        Table B 53: Values of U due to 
                                                                         different thickness of insulation 
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6.2 Optimalization of heat pump 
Heat losses of the building C are 84 kW. In a case of bivalent operation ,power of heat 
pump should be approximately 60-80% of heat losses, therefore there were designed heat 
pump IVT D70 with power 67,8 kW or eventually IVT HE D43. 
Since the heat pump represents mayor part in lowering energy consumption ,there are 
considered two heat pumps as an alternation to originally designed one. 
Version  IV-A – heat pump IVT ,ground/water , P= 43,5 kW 
Version IV-B – heat pump HP3AW 30SB, air/water, P=39,7 kW 
 
6.3 Version IV-A 
In version A all chilled peripheral construction are insualted by EPS of 100 mm , therefore 
coefficient ot thermal transmittance U of external wall is 0,5 W/m2K and it fulfills the 
conditions given by the norm CSN 73 0540 . 
Need of heat will be partly covered by heat pump IVT ,ground/water wuth the power 43,5 
kW and by 25 solar collectors. The amount of theat which will not be covered by these two 
sources will be covered by remaining central heat supply. During the summer holidays and 
in moths of non-heating period, heat gains from solar collectors will be used in the kitchen 
in pavilion E which operates also during the summer holidays. 
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6.3.1 Energy balance 
Year 2010 
Need of heat for Energy from 
heat pump 
Covering need of 
energy for heating Heating Hot water 
kWh kWh kWh kWh % 
January 13596,53 1004,83 8434,6 8434,6 62 
February 4961,96 1130,44 3700,54 3700,54 75 
March 1508,16 1004,83 1508,16 1508,16 100 
April  0 1067,63 0 0   
May 0 1193,24 0 0   
June 0 1256,04 0 0   
July 0   0 0   
August 0   0 0   
September 0 1256,04 0 0   
October 0 1318,84 0 0 100 
November 1371,05 1256,04 1371,05 1371,05 100 
December 7809,26 1318,84 6659,69 6659,69 85 
29246,96 11806,78 1758,46     
Table B 54: Energy balance I of version IV-A 
 
 
 
 
Table B 55: Energy balance II  of version IV-A 
 
 
 
 
heating hot water heating hot water heating hot water
kWh kWh kWh kWh kWh kWh kWh kWh
January 5162 1004,83 371,41 371,41 0,00 4790,52 1004,83
February 1261 1130,44 686,94 686,94 0,00 574,48 1130,44
March 1004,83 1283,02 1283,02 0,00 0,00 1004,83
April 1067,63 1525,50 1067,63 0,00 457,86
May 1193,24 1931,48 1193,24 0,00 738,24
June 1256,04 2116,12 1256,04 0,00 860,08
July 2208,31 0,00 2208,31
August 2092,87 0,00 2092,87
September 1256,04 1742,64 0,00 486,60
October 1318,84 1059,29 0,00 1059,29 0,00 259,56
November 1256,04 441,84 441,84 0,00 929,21 1256,04
December 1150 1318,84 245,39 245,39 0,00 904,18 1318,84
15704,80 7198,39 5974,54
Gains from 
collectors  
Covering of need for Energy to be covered 
from other sources Surplusses
 Heat to be covered by solar panels
Year 2010
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Total floor area of the building : 2307,6 m2 
Specific need of heat for heating : 3,3 kWh/ m2/year 
From the first table i tis clear that heat pump covers from60-100%  of energy for heating. 
Solar collectors cover the also a significant part of need of heat for heating and also for hot 
water preparation. It is necessary to cover up 7,2 MWh from central heat supply. 
 
                Graph B 16 : Energy consumption of version IV-A 
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                           Graph B 17: Energy from heat pump and from solar collectors
 
 
6.3.2 Economic evaluation
Disposal 
Insulation 
perihperal wall 
roof 
floor 
openings 
Heat pump + bore 
Solar collectors 
Total investment cost
Table B 56: Investment costs of version IV
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investment costs 
[m²] total 
1,4 995,12 
2 1541,00 
2,50 1925,50 
4,5 1138,95 
  422246,95 
  315000 
 6337817 
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Before reconstruction Need of heat [GJ] 359 
Costs [CzK] 146939 
After reconstruction Need of heat [GJ] 25,9 
Costs [CzK] 10571 
Savings % 94,51 
Czk/yr 136368 
Investment costs Czk/yr 6337817 
Payback period yrs 46,48 
Table B 57: Investment costs of version IV-A 
 
 
 
B6.4 Version IV-B 
In version B all chilled peripheral construction are insualted by EPS of 100 mm , therefore 
coefficient ot thermal transmittance U of external wall is 0,25 W/m2K and it fulfills the 
conditions given by the norm CSN 73 0540 . 
Need of heat will be partly covered by heat pump IVT, HP3AW 30SB, air/water,     P=39,7 
kW and by 25 solar collectors. The amount of theat which will not be covered by these two 
sources will be covered by remaining central heat supply. During the summer holidays and 
in moths of non-heating period, heat gains from solar collectors will be used in the kitchen 
in pavilion E which operates also during the summer holidays. 
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Year 
2010 
Need of heat for Energy 
from heat 
pump 
Covering need of 
energy for heating Heating Hot 
water 
kWh kWh kW kWh % 
January 13596,53 1004,83 9119,74 9119,74 67 
February 4961,96 1004,83 3702,28 3702,28 75 
March 1508,16 1004,83 1508,16 1508,16 100 
April  0 1067,63 0 0   
May 0 1193,24 0 0   
June 0 1256,04 0 0   
July 0   0 0   
August 0   0 0   
September 0 1256,04 0 0   
October 0 1256,04 0 140,14 0 
November 1371,05 1256,04 1371,05 1371,05 100 
December 7809,26 1318,84 7025,02 7025,02 90 
29246,96 11618,37 1758,46 
Table B 58: Energy balance of version IV-B 
 
Year 
2010 
 Heat to be covered by solar 
panels Gains 
from 
collectors  
Covering of need for 
Energy to be 
covered from other 
sources Surplusses 
heating hot water heating hot water heating hot 
water 
kWh kWh kWh kWh kWh kWh kWh kWh 
January 4477 1004,83 371,41 371,41 0,00 4105,38 1004,83   
February 1260 1004,83 686,94 686,94 0,00 572,74 1004,83   
March 0 1004,83 1283,02 0,00 1283,02 0,00 -278,19   
April    1067,63 1525,50   1067,63 0,00   457,86 
May   1193,24 1931,48   1193,24 0,00   738,24 
June   1256,04 2116,12   1256,04 0,00   860,08 
July   0,00 2208,31   0,00 0,00   2208,31 
August   0,00 2092,87   0,00 0,00   2092,87 
September   1256,04 1742,64   1256,04 0,00   486,60 
October   1256,04 1059,29   1059,29 0,00 196,75   
November 0 1256,04 441,84 0,00 441,84 0,00 814,20   
December 784 1318,84 245,39 245,39 0,00 538,85 1318,84   
    15704,80     5216,97 4061,27   
Table B 59 :Energy balance II of version IV-B 
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                Graph B 18 : Energy consumption
 
                    Graph B 19 : Energy from heat pump and solar collectors
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B6.4.3 Economic evaluation 
Disposal 
investment costs 
[m²] total 
Insulation 
perihperal 
wall 1,4 995,12 
roof 2 1541,00 
floor 2,50 1925,50 
openings 4,5 1138,95 
Heat pump   1120000 
Solar collectors   315000 
Total investment cost 7035570 
Table B 60 :  Investment costs 
 
 
Before 
reconstruction 
Need of heat [GJ] 359 
Costs [CzK] 146939 
After reconstruction Need of heat [GJ] 18,7 
Costs [CzK] 7633 
Savings % 96,03 
Czk/yr 139306 
Investment costs Czk/yr 7035570 
Payback period yrs 50,50 
Table B 61 : Economic evaluation 
Energy evaluation of building for
 
 
 
B6.5 Comparison of  Versio
Graph B 20 : Comparison of need of heat of version IV and versions IV
 
 
Graph above shows comparison of need of heat for heating of version IV, version IV
version IV-B . The highet need of heat for heating has ver
using small heat pump which was designed to cover les than 60% of heat losses. Although 
in February all the need of heat for all three versions is the same, the biggest difference is 
in January. The lowest need of heat has vers
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n IV ,Version IV-A and Version I
-A, IV-B 
sion IV-A . This is cause by 
ion IV-B where heat pump air/water was used.
Comparision of versions
 
V-B 
 
-A, 
 
Version IV
Version IV-A
Version IV-B
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  Version IV Version IV-A Version IV-B 
Need of heat [GJ] 37,4 25,9 18,7 
Price of heat [Czk] 15265 10571 7633 
        
Savings [Czk] 321,49 136368 139306 
Investments [Czk] 7240498 6337817 7035570 
Payback period [yrs] 54,9 46,48 50,50 
Table B 62 : Economic evaluation of versions 
 
Table table shows comparison of economic evaluation of versions. The optimal solution is 
version IV-A . It has the lower investment costs and the smallest payback period , although 
concerning need of heat for heating and saving ,there values in the middle of those three 
variants. 
 
 
  
Energy evaluation of building for education                                       Bc. Katarína Košútová 
 
 
91 
 
Bibliography 
[1]  http://www.cerpadla-ivt.cz/ 
[2]  CSN 73 0540 
[3] Decree 361/2007 coll. 
[4] http://www.englishecoenergy.com/solar_thermal_blackpool.html 
[5]  http://www.heatpumps.org.uk/TypesOfHeatPumpSystems.htm 
[6] CHLEVIŠŤAN, K. Vytápění školy a internátu: diplomová práce.  Brno, 2011,78 s. ,. 
Vysoké učení technické v Brně. Fakulta stavební. Ústav technických zařízení budov. 
Vedoucí diplomové práce doc. Ing. JIŘÍ HIRŠ, CSc. 
[7]  Government regulation 410/2005 
[8]  www.regulus.cz 
 
  
 
 
 
 
 
 
 
 
 
Energy evaluation of building for education                                       Bc. Katarína Košútová 
 
 
92 
 
 
 
VYSOKÉ UČENÍ TECHNICKÉ V BRNĚ 
BRNO UNIVERSITY OF TECHNOLOGY 
  
  
  
  
  
  
  
FAKULTA STAVEBNÍ  
ÚSTAV TECHNICKÝCH ZAŘÍZENÍ BUDOV 
  
  
FACULTY OF CIVIL ENGINEERING 
INSTITUTE OF BUILDING SERVICES 
  
  
 
 
 
 
 
 
 
C. THE EXPERIMENTAL SOLUTION 
 
 
 
 
 
 
 
 
 
 
 
 
Energy evaluation of building for education                                       Bc. Katarína Košútová 
 
 
93 
 
CONTENT 
C1. DESCRIPTION OF EXPERIMENTAL SOLUTION……………………………..95 
C2. TERMOGRAPHY....................................................................................................95 
C2.1 History of thermography.....................................................................................95 
C2.2 Theoretical basis..................................................................................................95 
C2.3 Thermographic camera and image processing…………………………………97 
C2.4 Thermal bridges...................................................................................................98 
C2.5 Application..........................................................................................................98 
C3. THE EXPERIMENTAL SOLUTION......................................................................99 
C 3.1 Description of experiment..................................................................................99 
C 3.2 Description of measuring device........................................................................99 
C3.3 The own experiment............................................................................................99 
   C3.3.1 Windows..........................................................................................................100 
   C3.3.2 Doors................................................................................................................103 
   C3.3.3 Constructions....................................................................................................105 
C3.4 Evaluation of experimental solution...................................................................108 
BIBLIOGRAPHY.......................................................................................................109 
      
  
Energy evaluation of building for education                                       Bc. Katarína Košútová 
 
 
94 
 
Table C 1 : Input values of picture 1 ................................................................................. 100 
Table C 2: Input values of picture 2 .................................................................................. 101 
Table C 3: Input values of picture 3 .................................................................................. 102 
Table C 4 : Input values of picture 4 ................................................................................. 103 
Table C 5:Input values of picture 5 ................................................................................... 104 
Table C 6: Input values of picture 6 .................................................................................. 105 
Table C 7: Input values of picture 7 .................................................................................. 106 
Table C 8: Input values of picture 2 .................................................................................. 107 
 
 
 
 
 
 
 
 
 
 
 
Energy evaluation of building for education                                       Bc. Katarína Košútová 
 
 
95 
 
C1. DESCRIPTION OF EXPERIMENTAL SOLUTION 
For experimental solution I chose thermographic evaluation of constructions in Primary 
school Svážna.  
 
C2. TERMOGRAPHY 
Infrared thermography is a modern non-destructive measuring method  for examination of 
redeveloped and non- reconstructed buildings. Infrared cameras provide measuring of 
temeperature of objects from inside as well as from outside. Thus thermal bridges can be 
detected. 
C2.1 History of thermography 
The first step was done in a year 1800 when german- born british astronomer William 
Herschel discovered infrared radiation. Later after that Thomas Johann Seebeck discovered 
thermoeletric effect in 1821. Scientists tried to measure long wave radiation with the help 
of thermocouples and thermophiles. Naturally, military was particulaty interested in this 
invisible and warm radiation. After World War II they invested a big amout of money into 
research in this field. The most significant progress in infrared technology was made in the 
last third of 20th century and soon cameras to measure radiation and temperature were 
created. 
C2.2 Theoretical basis 
Termography is the determination of surface temperatures of the bodies with the help of 
infrared photography. It can be used everywhere where process of an object inside leads to 
the change of its surface temperature. 
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The theory of infrared photography is beased on three radiation laws: 
 Kirchhoff´s law about relation between emission and absorption – a body which 
absorb much also emits much. Therefor the emission coefficient is the ratio of 
emissivity E and emission of objects. 
 = 	


 
 
 Planck´s law of radiation describes specific spectral radiation M emanating from 
the idealized black body 
, 
 =
2. . ℎ. 

	 .
1


 − 1
 
Where λ is wavelngth, T is absolute temperature, h is the Planck constant and c is 
the speed of light. 
 The Stefan-Boltzmann´s law describes the emission of a surface over all 
wavelnghts. 
 = 
 
            Where  = 5,67x10-8  [Wm-2K-4] 
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C2.3 Thermographic camera and image processing 
Infrared camera senses only radiant energy received from the surfaces and not the visible 
light reflected from the surfaces. 
 A thermal infrared camera detects infrared energy and converts it into an electronic signal, 
which is then processed to produce a thermal image and perform temperature calculations. 
The difference in temperatures is detected through a process known as radiometry that 
measures differences in thermal radiation. 
Thermocamera should be handled with considerable care . The lens should be protected 
from the scratches and should  be wiped or touched by hand to protect its sensibility. 
 
For measuring with thermocamera stable ambient conditions are important – it meas 
climate and object during the measuring should not change. For measurements outdoors, 
the weather conditions should be stable and the sky cloudy in order to screen the 
measuring object from both direct sunlight and cold diffuse celestial radiation. 
 
For building thermography, a difference of at least 15 °C between the inside and outside 
temperature is recommended. 
 
Different conditions can cause errors for the measuring result. Examples are the wrong size 
of measuring spot,wrong measuring distance of incorrect emissivity settings. Glass is 
impervious to infrared radiation, therefore the thermal image only measures the surface of 
the glass and not the temperature of the material behind. 
 
The images are processed by specific software to yield thermal images. Various thermal 
palletes can be obtained by varying colour pattern, brightness and colour contrast of the 
image. It is necessary  to mention that visual colour not necessarily reflect the temperature 
of the surface. 
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C2.4 Thermal bridges 
This experiment is pointing on thermal bridges in the construction.  
Thermal bridge occurs where a penetration of the insulation layer by a higly conductive 
material or non- insulating material takes place in the separation between exterior and 
interior of building assembly. 
 
There are several types of thermal bridges : 
 Repeating of quasihomogenous thermal bridges-they usually follow regular pattern. 
They are evenly distributed over an area of a thermal envelope . For example 
ceiling joist in cold picthed roof which are insulated at a ceiling level 
 Non-repeating thermal bridges- they are intermitted and occur in specific point of 
construction. Usually they are caused by discontinuities in building envelope. 
Typical examples are around windows, doors and rooflights and where internal 
walls or floors penetrate the thermal envelope 
 Geometrical thermal bridges- they are result of geometry of building envelope and 
they can be two or three dimensional. Typical examples are the corners of an 
external wall ,junctions between door and wall. 
 
C2.5 Application 
The thermography has numerous ways of applications in civil engineering in conditions of 
non-desctructive testing of constructions,location of distresss identifying moisture ingress, 
itentifiyng thermal bridges of the building. It is also applicable for finding of exact position 
of heating tubes or for discovering why mold is growing in particular area. 
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C3. THE EXPERIMENTAL SOLUTION 
C 3.1 Description of experiment 
The experiment was done in pavilion C of Primary school in Svážna street in Brno.  
C 3.2 Description of measuring device 
For thermographic measuring was used camera FLIR E. This type of camera is made to be 
used for measurement in energetics and industry. They are fully portable and thanks to its 
ergonomy it is possible to operate with them only with one hand.The cameras of this type 
are very light – 825g with accumulator and it can persist five hours withou charging. 
Thanks to its range of measured temperatures (from -20°C to +650°C ) and its sensitivity 
(up to 0,05°C in temperature 25°C) and range of working tepmeratures (from -15°C to 
+50°C) they are suitable for measuring in exterior as well as in interior.. Focusing of 
cameras is done manually ,their imaging frequency is 60 Hz and they have build-in video 
and LED lighting. 
 
C3.3 The own experiment 
For the experiment, pictures of building C were taken from outside. Evaluation is focused 
on heat flow through building construction.  
Building was built around year 1986 and it is in original state. Constructions are not 
insulated and there are original wooden windows. Entrance doors are made of alluminium 
with glass infill. Measurement was done in exterior in 12 December 2011. Temperature of 
outside air was 5°C , sky was cloudy. Temperature of interior was 20°C. As a measuring 
device infrared camera FLIR E was used.  
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C3.3.1 Windows 
PICTURE no.1 
Emisivity 0,95 Spot 1 7,1°C 
Refl. temeprature 20 °C Spot 2   0,5 °C 
Relative humidity 50%       
Range of temepratures  0,0-7,5 °C 
Table C 1 : Input values of picture 1 
 
Picture C 1:Infrared and classical image of windows in 
upper floor 
 
The image shows last floor of the pavilion C. Temperature of the window in measured 
point Sp1 is 7,5°C and it is the highest temperature which occur in this particular part of 
the construction.  The second measured point of the construction has a tepmerature of 
0,5°C . In the picture there are various colours which signify  various temepratures of the 
construction between 0°C up to 7,5°C. From the picture is it visible there is a significant 
temperature drop. Heat flows from the easiest path  from heated space to outside ,very 
often through material which has higher thermal conductivity than surounding material and 
thus thermal bridge occurs. In this case there is a thermal bridge in a joint of window with 
the lintel.It can be caused by poor insulating properties of used materials (building was 
build in 80´where requirements for material was not as strict as now) . 
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PICTURE no.2 
Emisivity 0,95 Spot 1 5,7 °C 
Refl. temeprature 20 °C Spot 2   2,9 °C 
Relative humidity 50% Spot 3   1,5 °C 
Range of temepratures  0,0-7,5 °C 
Table C 2: Input values of picture 2 
 
 
Picture C 1:Windows in the middle part of the upper 
floor 
 
This is a picture of  a windows in the middle part of the building taken from the side of 
atrium. Range of measured temperature is from 0°C to 7,5°C and there are three measuring 
points on the constructions – Sp1 in the corner of the window with temperature 5,7°C ,Sp2 
- the temperature of construction in joint of concrete column to masonry is 2,9°C . The 
third measuerd spot Sp3 is on the construction and its has a temperature 1,5°C. In this 
picture there also also significant temerature drops.  Due to the poor insulating properties 
of wooden windows the heat flows through them very easily to exterior. It is possible to 
see several thermal bridges- in upper part of the window in a touch with lintel and also in 
lower part where glass is touching a part of window wooden frame. Another thermal 
bridge can be seen in a joint of concrete column with masonry which can be caused by 
wrong construction. 
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PICTURE no.3 
Emisivity 0,95 Spot 1 0,8°C 
Refl. temeprature 20 °C Spot 2 6,6 °C 
Relative humidity 50%     
Range of temepratures  0,0-7,5 °C 
Table C 3: Input values of picture 3 
 
 
Picture C 2: Windows in upper part from north side 
 
The picture shows second floor of the building from the north side. There are two 
measuring spots. The first one Sp1 is in a frame between the windows and it has 
a temeperature 0,8°C . The second measuring point is on the top of the window and its 
temperature is 6,6°C . There is a significant temperature difference between this two 
places. Heat flows out of the construction through window glass. There occurs thermal 
bridge in joint of window with lintel. 
In order to eliminate thermal bridges, windows should be replaced and the construction 
should be properly insulated.  
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C3.3.2 Doors 
PICTURE no.4 
Emisivity 0,95 Spot 1 5,0°C 
Refl. temeprature 20 °C Spot 2 4,4 °C 
Relative humidity 50% Spot 3 2,2°C 
Range of temepratures  0,0-5,5 °C 
Table C 4 : Input values of picture 4 
 
 
Picture C 3: Picture of entrance to the building C 
 
 
This image shows entrance to the building C from atrium. Entrance is made of windows 
and alluminium doors with glass infill. There are three measuring spots . First one Sp1 
with temperature 5,0°C , second measuring spot in the upper window  with temperature 
4,4°C  and the third measuring spot is on alluminium frame and has temperature 
2,2°C.From the picture it is possible to see that temperature of windows changes just bit. 
The lowest temperature is on alluminium frame which is caused by different thermal 
conductivity of material. Thermal bridges are visible on the top of the windows where they 
are connected to the masonry. It is mainly caused by poor insulating properties of material. 
Thermal bridge occurs also under  the bottom part of the alluminium frame where door is 
connected to floor. 
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PICTURE no.5 
Emisivity 0,95 Spot 1 6,0 °C 
Refl. temeprature 20 °C Spot 2 2,0 °C 
Relative humidity 50% Spot 3 2,6°C 
Range of temepratures  0,0-7,5 °C 
Table C 5:Input values of picture 5 
 
Picture C 4 : Picture of door to the atrium 
 
 
This is a picture of doors from the corridor in building C to the atrium. Three measuring 
spots were done in this image. First one has temperature 6,0°C and it is in upper part of the 
door where is a connection with the lintel .It is possible to see there a significant heat flow 
due to the poor insulation properties of the windos, thus termal brige occurs. Second 
measuring spot is on the wall and it has 2,0°C . Comparing with temperature of glass there 
is a temperature drop.Third measuring spot was taken on alluminium frame. 
In order to eliminate thermal bridges in this area, doors should be replaced with those 
which have better insulating properties. Window in the entrace to pavilion C from the 
atrium should be also replaced by those which fulfill requirements of the CSN 730540 
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C3.3.3 Constructions 
PICTURE no.6 
Emisivity 0,95 Spot 1 2,5°C 
Refl. temeprature 20 °C Spot 2 5,4 °C 
Relative humidity 50% Spot 3 6,1°C 
Range of temepratures  0,0-5,7 °C Spot 4 3,5°C 
Table C 6: Input values of picture 6 
 
Picture C 5 :Part of the wall from the south side 
 
In the picture there is shown upper part of the pavilion C from the side of atrium. There are 
two measutring points. First one Sp1 is in connection of ceramic blocks . Thes second 
measuring point is on masonry construction and its temperature is 1,8 °C. Heat flow 
through ceramic blocks is visible thus thermal bridge occurs in this place. It may be caused 
by not correct assembly of the structure. 
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PICTURE no.7 
Emisivity 0,95 Spot 1 0,1 °C 
Refl. temeprature 20 °C Spot 2 3,7 °C 
Relative humidity 50% Spot 3 5,3 °C 
Range of temepratures  0,0-5,5 °C 
Table C 7: Input values of picture 7 
 
 
Picture C 6 Connection of pavilion B with pavilion C 
from the north side 
 
 
 
Picture 7 shows connection of pavilion B with pavilion C from the north side. There are 
three measuring points- Sp1 is in the masonry construction , Sp2 is in lower part of the 
window and the last one Sp3 is in a place where windows is connected with lintel. Several 
thermal bridges are visible on the upper part of the windows in a connection with lintel . 
There are also thermal bridges which occur in construction where the masonry is 
connected to the columns or to the floor. 
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PICTURE no.8 
Emisivity 0,95 Spot 1 1,3°C 
Refl. temeprature 20 °C Spot 2 7,5°C 
Relative humidity 50%     
Range of temepratures  0,0-8,0 °C 
Table C 8: Input values of picture 2 
 
 
Picture C 7:Windows and connection of the columns of 
the building C from the north side 
 
 
This image shows windows and part of construction of pavilion C from north side. The are 
two measuring spots: Sp1 is placed in a joint of concrete column with masonry wall and its 
temperature is 2,8°C . There is a temperature drop between joint of column and masonry 
and therefore thermal bridge in this place occurs. 
To eliminate thermal bridge in construction,the original construction should be insulated in 
a way to prevent flow of heat through construction and coefficient of thermall trasmittance 
of insulated construction should fulfill requirements of norm CSN 73 0540. 
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C3.4 Evaluation of experimental solution 
Experiment provide informative evaluation of current situation of construction of building 
and its defects.  The measurements should allways be supported by additional 
measurement for example by probe. This has to be done in order to eliminate the 
possibility of wrong evaluation of construction. When there a heating pipe in construction, 
reflextion  or other source which can create temeperature changein measured surface it will 
influence the final image done by thermocamera.  
To make the measurement the most precise possible it is necessary to set correct emissivity 
of the construction. Emissivity changes with temperature ,thus i tis recommend to measure 
themeprature of the surface first with laser thermometer and then to set emissivity 
correctly. 
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CONCLUSION  
Aim of my diploma thesis was to anylize thermal and technical properties of building, 
internal microclima and consumption of energy.  
The building was simulated in programm BSim .  
I designed four version  how to improve not only thermal and technical properties of 
building but also a comfort of students and teachers. In each version  all the envelope 
constructions were insulated. Version I consists only of insulation, in version II there are 
used solar collectors to cover part of energy demand for heating, in version  III  for 
covering part of demand of heat for heating was designed heat pump . Version IV consitsb 
of  using solar collectors and heat pump to support heating. 
Conseuquently I made optimalization of  version I V , where I designed different types of 
heat pumps and I also made its evaluation. 
From suggested version I recommend Version IV-B . 
In experimental part I focused of thermographic evaluation of construction of building C. 
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List of appendices 
A.  Composition of constructions 
B. Current situation 
• Calculation of heat losses of building 
• Input data from BSim 
• Heat consumption from programm BSim 
• Energy label of the building 
C. New situation  
• Calculation of heat losses of building 
• Input data from BSim 
• Heat consumption from programm BSim 
• Energy label of the  buildings 
D. Drawings 
• Basement 
• First floor 
• Second floor 
• Section 
• View 
E. Calculation of need of hot water 
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